Aims To estimate changes in the substance use behaviors of patients who received services as part of the US Substance Abuse and Mental Health Services Administration's (SAMHSA) Screening, Brief Intervention and Referral to Treatment (SBIRT) grant program. Methods We use a pre-post design and performance monitoring data collected by SBIRT organizations. For a sample of 17 575 patients, we compare pre-SBIRT substance use with substance use 6 months after receipt of SBIRT services. SBIRT's correlation with changes in substance use was estimated using generalized linear mixed models to account for the clustering of patients within health-care facility and US state. Results From pre-to post-SBIRT we found large and statistically significant decreases for almost every measure of substance use. Model-adjusted means indicate that the prevalence of alcohol use was lower 6 months later by 35.6%, heavy drinking by 43.4% and illicit drug use by 75.8%. Greater intervention intensity was associated with larger decreases in substance use. The study design does not support causal conclusions and estimated decreases in reported substance use are due, at least in part, to a well-known set of confounders and natural substance use patterns that may be unrelated to any particular SBIRT intervention.
INTRODUCTION
In 2003, the Substance Abuse and Mental Health Services Administration (SAMHSA) established the Screening, Brief Intervention and Referral to Treatment (SBIRT) grant program to screen patients systematically in medical settings and, based on screening results, provide brief intervention (BI), brief treatment (BT) or referral to treatment (RT) as appropriate. SAMHSA's SBIRT program is the largest SBIRT dissemination effort ever undertaken in the United States. In the initial cohort of projects, six states and one tribal organization were awarded 5-year grants to promote the adoption and sustained implementation of SBIRT in a variety of medical settings. The goals of these grants were to expand the continuum of care for substance use disorders, including hazardous, harmful and dependent use, and to promote the integration of substance use disorder care into the traditional medical care community.
In the only published study of patient outcomes for SAMHSA's SBIRT initiative, Madras et al. [1] reported preliminary outcomes for six of the first seven SAMHSA SBIRT projects. In analyses performed separately for each project, Madras et al. found that past-month substance use outcomes were dramatically lower 6 months after exposure to SBIRT services than they were at the time of SBIRT screening. In addition to being the first published, multi-site assessment of SAMHSA's SBIRT program, Madras et al. received attention because it has provided novel evidence for areas in which SBIRT has been less well studied; namely, patients screened in emergency departments and in-patient settings as opposed to primary care settings, as well as patients screened for illicit substance use.
Despite having the largest sample of patients ever examined in an SBIRT study (459 599), the Madras et al. findings have several limitations noted by other SBIRT researchers [2] [3] [4] . The primary criticism is the study's lack of a rigorous design to eliminate alternative explanations of patient improvements. Such alternative mechanisms of change following SBIRT are an important and unresolved area of research. Screening and assessment alone may produce changes [5, 6] . Study elements can be a factor and were in place to some extent in all the SBIRT projects. Informed consent procedures, the need to provide contact information for follow-up contacts and the desire to meet outcome expectations or please a researcher might influence treatment and control patients [7] [8] [9] . Regression to the mean [10, 11] probably explains a large portion of 'improvement' seen in all patients who qualified for the study based on a relatively high screening score. In addition to these potential problems, Saitz [3] notes that the magnitude of improvement in outcomes reported by Madras et al. are unrealistic and are five times the best absolute outcomes reported for randomized controlled trials (RCTs) (e.g. 50 versus 12% for alcohol in a primary care setting). Other criticisms include possible selection bias due to inconsistent follow-up rates across projects and the lack of evidence of receipt of SBIRT services, which undermines the validity of an intent-to-treat framework.
In addition, we note several criticisms of the Madras et al. study that have not been described in the literature. First, the average substance use of the full program population at baseline was compared to the average substance use of a follow-up sample representing fewer than 10% of the baseline population, substantially increasing the potential for selection bias. Secondly, the statistics reported were unconditional means that did not control for potential confounding factors available in the data. Thirdly, the estimates and their statistical significance did not take into account the variation and clustering across projects, which could lead to bias and Type I errors. This paper re-visits the Madras et al. analysis for two reasons. First, an analysis of the SAMHSA SBIRT grant program using all seven cohort I projects and covering the entire period of program implementation is needed to provide a full account of the initiative's outcomes. Secondly, while Madras et al. cannot be used as positive evidence for SBIRT's effectiveness [12, 13] , we attempt to address some of the criticisms of the Madras et al. analyses and to extend them in several key areas. Specifically, we use multi-level models on matched prepost patients to account properly for the clustering of observations and to explore possible bias from sample selection and attrition. We reiterate that because of the pre-post design, no causal inference can be made about SBIRT from these analyses. We do, however, provide context for the pre-post changes in the 'SBIRT-treated' groups by comparing them to the pre-post results for treated groups in previous RCTs.
METHODS

Data
Data were obtained from the Services and Accountability Improvement System (SAIS), which collects data required under the Government Performance and Results Act (GPRA) for all Center for Substance Abuse Treatment (CSAT) discretionary grantees. SBIRT cohort I projects were required to collect select GPRA data from all patients receiving SBIRT services at each of their sites. Patients entering a site were eligible for screening if they were awake, medically stable, not in severe distress and not intoxicated. All patients screened by the cohort I projects between January 2004 and March 2010 were considered for our analyses. The projects submitted data on 754 525 adult patients, 171 921 of whom screened positive for hazardous or harmful use and were recommended to BI (n = 118 323), BT (n = 24071) or RT (n = 29527). Recommendations to these service levels were based on patients' screening scores and on the clinical discretion of the providers administering the screens.
Each individual SBIRT program developed its own SBIRT model. Models varied due to time and space constraints of the medical settings and due to providers' willingness to provide and patients' acceptance of specific SBIRT services. Evidence-based screening instruments were primarily the Alcohol Use Disorders Identification Test (AUDIT) for alcohol and Drug Abuse Screening Test (DAST) for illicit drug use, which offered tested and validated service recommendations based on patient risk. Five of the programs adopted pre-screening questions. Although the majority of SBIRT services were provided by specialists (e.g. social workers, substance abuse counselors, health educators) who were associated with the SBIRT project, pre-screening and screenings were also conducted at some sites by a combination of medical generalists (e.g. nurses) and self-administration.
For BIs, all projects used a motivational interviewing (MI) [14, 15] style and all used elements of the FRAMES model [16] (Feedback regarding personal risk or impairment, emphasis on personal Responsibility for change, clear Advice to change, providing a Menu of change options, Empathy as a counseling style and enhancement of Self-efficacy or optimism). All projects incorporated MI techniques and the transtheoretical model of change [17] in their BT service. Two projects used cognitive-behavioral therapy (CBT) [18, 19] and two projects used a community reinforcement approach (CRA) [20] . Projects offered both on-site and telephonic BT sessions. All projects enhanced their process of referral to specialty treatment with MI techniques, and explicit BI sessions were often provided at the time of the referral.
Within the BI, BT and RT service categories, at least a 10% sample was selected randomly for follow-up by the projects, with some projects choosing higher percentages throughout the course of their program. Randomization was based on the patient's Social Security Number (SSN) or birthdate. Follow-up interviews were conducted between 150 and 240 days after baseline screening and were administered either in person or by telephone. As noted in Madras et al. [1] most were by telephone because projects found it difficult to have patients return to the original site after 6 months.
Measures
The GPRA data collection tool (http://www.samhsa.gov/ grants/CSAT-GPRA/services.aspx) recorded SBIRT screening results, demographic information, substance use, family and living conditions, education, employment and income, crime and criminal justice involvement, mental and physical health problems and discharge status, including SBIRT services planned. Assessment items in the instrument were based in part on the Addiction Severity Index-Lite Version [21] . Substance use questions were the days used during the past 30 days for alcohol, alcohol to intoxication ('heavy drinking days' or HDD), illicit substances and both alcohol and illicit substances on the same day. For dependent variables in our statistical analyses, we use indicator variables for at least 1 day of use of a substance in the past 30 days ('any use') and counts of days of use for each substance conditional on any use (i.e. from 1 to 30 days).
The complete GPRA data collection instrument was not administered to all patients. For patients screening negative, only the demographic section (gender, age, race/ethnicity) was completed and no follow-up interview was conducted. For those recommended to BI, only the demographic, substance use and planned services sections were completed at baseline and at follow-up (for those patients in the follow-up sample). Patients recommended to either BT or RT were administered all GPRA sections at baseline and at follow-up (for those patients in the follow-up sample). A patient and grantee identifier was also included in the GPRA data.
Design
The study design is a pre-post comparison of outcomes within an individual patient who was screened and recommended to one of the screen-positive (SP) categories. Assignment to service recommendation categories is based on screener scores and provider discretion rather than on actual service received. Therefore, the analysis is of the intent-to-treat influence of SBIRT rather than the exact services received by each patient. The number of services that they would ultimately receive is a function of patients' substance use, possible initial response to the screen or first intervention and other unobserved characteristics that might be correlated with their acceptance of services and retention. Thus, estimates of the dose-response of SBIRT services would be biased without some model or control for these confounding factors, which is beyond the scope of this study.
Data analysis
Analyses began with a comparison of the full SP sample at baseline to the sample selected for follow-up and to the sample actually completing a follow-up interview using simple descriptive statistics. Madras et al. [1] noted that response rates were particularly low in two projects, one due to program interruption and the other to a significant shift in the program's follow-up model. We therefore calculated alternative response rates that were adjusted based on the timing of these events. Analyses were conducted for all SP patients and by SBIRT service recommendation (BI, BT or RT).
Next, we estimated the change in substance use outcomes over time associated with SBIRT using two specifications of generalized linear mixed models (GLMM). Measures of whether or not a substance (e.g. alcohol, heavy alcohol, illicit drug) was used are discrete outcomes, and so were modeled assuming a binomial distribution and a probit link function. Measures of the number of days each type of substance was used were analysed using negative binomial models. Reflecting the repeated-measures design, we included individual random-effects in both types of models to estimate properly the sampling variance in clustered data. Clustering within each project was modeled using nested random-effects. Hausman tests were used to determine whether random-effects failed to meet the assumption of independence with respect to other covariates. When this occurred, we used fixed-effects instead and noted such in the results.
The main independent variable of interest is an indicator of whether an observation is from the 6-month followup interview. We controlled for gender, race and ethnicity, age, baseline educational attainment and household income. Because the data for BI patients were limited, models that included the sample of patients recommended for BI only controlled for gender, race and ethnicity and age. Analyses were conducted for all SP patients and separately by SBIRT service recommendation (BI, BT or RT).
Comparison with results from other studies
SAMSHA's SBIRT project did not include a control group, and hence effectiveness cannot be tested using project data; in our re-analysis of the data, we compare the project data to data from other studies. We used a review of 32 controlled trials of BIs targeting alcohol problems [16] .
We selected the studies because they involved a BI group and a control group, and each had a calculated withinand between-group effect. Although there are larger and more recent reviews of SBIRT trials, Bien et al. [16] was the only one that reported the within-patient changes for 'treated' patients, which are design-equivalent measures to our sample outcomes. In total, these trials examined more than 6000 problem drinkers from 14 different nations. The average time between baseline and followup observations was 22 months, and follow-ups occurred between 2 and 120 months after baseline, depending on the study. The between-group effects compared changes in alcohol use among patients who received BI with changes among a control group of patients. All but one of the between-group effects reported in Bien et al. were positive and 10 were significant.
Because many different alcohol use measures were employed in these studies, Bien et al. calculated standardized effect sizes (Cohen's d) of the changes in alcohol use measures after patients received BI. While our alcohol use measures differed from most reported in Bien et al., we constructed analogous standardized effect sizes using our alcohol use measures and compared these effects with those reported by Bien et al.
RESULTS
Response rate analysis
This paper uses the 17 575 individuals with valid baseline and follow-up information. The overall response rate among the randomly selected SBIRT screens was 47.5%. Follow-up rates, however, varied considerably across the projects-87.6, 76.1, 73.3, 69.4, 62.2, 41.7 and 28.5%. Table 1 shows how these follow-up rates change when they are calculated only for SBIRT participants seen during periods when programs were fully functional; Madras et al. [1] suggest that interruptions in full functionality are a primary cause of low response rates. The response rate of the project with the second lowest response rate (41.7%) increases dramatically to 74.9% when service interruption periods are removed from the data. The lowest response rate, however, increases only marginally from 28.5 to 38% when we remove these periods from the data. Moreover, this project had almost half the total eligible patients and thus has a large influence on the overall follow-up rate. When removed from the calculation, the overall response rate is 75.1%. Table 2 presents patient demographic and substance use information for patients used in the analyses. For each service category (all SP, BI, BT and RT), the first column presents descriptive information for all patients in that category and subsequent columns present information for the subsample of patients who have both a baseline and a follow-up observation (i.e. the matched sample). Patients screening positive for SBIRT were, on average, middle-aged (mean age = 37.5) and more likely to be male than female. SP patients were primarily white (53.4%), black (24.6%) or Hispanic (17.4%). Among those for whom educational attainment and income were recorded (BT and RT patients), approximately 60% were high school graduates. As a whole, BT patients reported $1648 in total monthly household income, and RT patients reported $1514. Males reported higher monthly income than females ($324, P < 0.01). Patients with both a baseline and a follow-up observation (hereafter the matched sample) reported lower income than the full baseline samples.
Sample descriptions
Substance use measures are presented for all SP patients and separately for the three intervention categories in Table 2 . The most common type of substance reported at baseline was alcohol (71.1%). Illicit drug use was reported less commonly than alcohol, but was still highly prevalent (40.0% of all positive screens). Fewer than onethird of all screens were dual substance users (alcohol and illicit drugs). Heavy drinking was moderately higher among RT patients (66.2%) than among BT (50.0%) or BI patients (47.5%). Illicit drug use was more common among BT (57.6%) than BI (33.8%) or RT patients (51.1%). Conditional days of use also varied by substance and SBIRT intervention. RT patients reported the most days of use for all outcomes. RT patients also used alcohol, had a heavy drinking day or used illicit drugs on more than half of the past 30 days (17.4, 17.6 and 15.7 days, respectively). BI patients reported the fewest conditional days of use for all substance categories. Table 2 also indicates where baseline differences between the matched sample (i.e. those with both a baseline and a follow-up observation) and the remainder of patients (i.e. those who were either not selected for a follow-up interview or those that were selected but did not complete a follow-up interview) are statistically significant based on simple t-and χ 2 tests. This comparison demonstrates how representative is the analysis sample of matched patients is of the project as a whole. Many of the demographic characteristics of the matched sample are significantly different from those patients not in the matched sample, suggesting an obvious need to control for these characteristics in any analyses of outcomes. Of greater interest, however, are statistically significant baseline differences for more than half of the substance use behaviors, which could indicate selection bias. We see that in most cases the matched sample variables had similar values to the remainder sample (e.g. 71.1 versus 71.5 for the percentage with any alcohol use). This suggests that the t-and χ 2 tests may be overly sensitive due to the large sample sizes and their failure to correct for clustering of observations within clinical sites and projects. Analysis of changes in substance use is reserved for the Main outcomes section (below). We note here that prevalence of use is lower at follow-up. Conditional days of use also decrease, with two exceptions: among the BI group, days of illicit drug use and days of combined illicit drug/alcohol use increase, conditional on use. Table 3 shows changes in the model-adjusted means for substance use measures. The difference between these is the estimated change in each outcome. Changes for most substance use measures were statistically significant at the P < 0.01 level, so we specify significance only when this is not the case. The probability of using any alcoholin the past 30 days decreased by 0.296 (35.6 %) for all SP patients, from 0.827 to 0.532. Among those patients who did drink alcohol, they drank 1.8 fewer days at follow-up. The proportion of BI patients who drank alcohol decreased the least (0.263) of the three SBIRT groups, despite starting at a similar prevalence. Similarly, BIs only decreased conditional days of drinking by 1.0, compared with 2.2 for BT patients and 4.7 for RT patients. The proportion of patients reporting heavy drinking dropped by 0.245 (43.4%) for all SP patients, with RT patients reporting the largest decrease (0.371). RT patients also had the largest decrease in conditional days of heavy drinking, dropping from 14.9 to 9.8 days on average.
Main outcomes
The prevalence of illicit drug use dropped by half or more for each service modality and 75.8% for SP patients as a group. Days of illicit drug use dropped by 2.1 for BT and 2.9 for RT patients. However, BI patients who continued to use illicit drugs used them for the same number of days as those who used at baseline. The proportion of patients with at least 1 day of consuming both alcohol and drugs also fell by approximately half. However, the conditional number of days of consuming both increased slightly for BI patients and decreased 0.6 days for BT patients (P < 0.1).
Moderator analyses
Two sets of moderator analyses were examined. First, we estimated all outcome models separately for males and females. Secondly, for a subsample of the data for which we had information on clinical setting (e.g. ED versus in-patient), we interacted indicators for clinical setting with the post-SBIRT indicator to assess differential effects by setting.
When estimated for males and females separately, changes in substance use outcomes were similar in magnitude and statistical significance to most pooled estimates. Female patients recommended to BI exhibited the most substance use outcomes that were statistically significantly different from males. Decreases in conditional days of random-effects and site fixed-effects. Recent use includes any use within the past 30 days. Number of days of using a given substance is conditional on using that substance on at least 1 day. Heavy drinking is defined as becoming intoxicated from five or more alcoholic drinks. Conditional measures only include observations where outcome occurred at least once. All differences were significant at 0.01 level unless specified. **P < 0.05; *P < 0.1; NS = not significant; SBIRT = Screening, Brief Intervention and Referral to Treatment. drinking and heavy drinking were smaller among females, with males seeing almost a half day more reduction (P < 0.05). Females who continued to use drugs increased their conditional days of use. Although not statistically significant, female BT and RT patients reported a greater decrease in any heavy drinking and any illicit drug use than men.
To analyse the role of health-care setting, we requested data from each project that contained setting identifiers. These data represent a subsample of the data described previously with the addition of a set of setting indicators. Six of the projects provided data on patients screened between
Altogether, the total number of patients screened during these periods was 336 832. Of those, 81 538 screened positive for hazardous or harmful use and were recommended to BI (n = 52531), BT (n = 13 149) or RT (n = 15 858).
Because models examining the role of clinical setting were estimated using a subset of the overall data, we first note that the magnitude and statistical significance of changes on substance use behaviors are, for the most part, similar to the results presented earlier. Overall, changes in prevalence of substance use differed little by the setting in which patients were screened, particularly between outpatient (OP) and emergency departments (ED) patients. For example, the largest statistically significant difference between OP and ED patient outcomes was the proportion of any heavy drinking among BI patients: ED patients decreased by 0.114 versus 0.159 for OP patients. The most striking differences across settings were for any heavy drinking and illicit drug use among IP patients. The decreases in any heavy drinking among OP and ED patients were not realized by IP patients, for whom there was either no decrease (BI) or a much smaller magnitude of decrease (BT and RT). In contrast, IP patients saw a greater decrease in any illicit drug use than OP or ED patients (À0.367 versus À0.221 and À0.241, respectively).
Comparisons with results from other SBI studies
To place our estimates in context, we compared standardized effect sizes from our analysis to those presented in the literature. Standardized effect sizes from 14 of the studies reviewed by Bien et al. [16] are given in Table 4 [ [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . The within-group effects are described by the baseline to follow-up changes in alcohol use among patients receiving BI, and are thus similar in design to the standardized effect sizes from our analysis also given in Table 4 . The standardized effect sizes for all of our alcohol measures, across all SBIRT service groups, fall within the range of statistically significant effect sizes calculated by Bien et al. [16] . In particular, BI patients are the group that is most comparable with the studies in Bien et al.'s review. Our effect size of 0.72 for any drinking is larger than those of five studies that found statistical significance when BI was compared to a control group: Babor & Grant [22] , Heather et al. [23, 27, 29] and Daniels et al. [26] . Finally, effect sizes for the studies for which pre-post changes in control-group outcomes were available, were consistently lower than SAMHSA's effect sizes.
DISCUSSION
SAMHSA's SBIRT grant program is the largest SBIRT dissemination effort ever undertaken in the United States, yet the only published multi-site study of patient outcomes for this initiative is Madras et al. [1] , which has been cited widely as evidence of SBIRT's effectiveness, despite critical evaluations by several commentators [2] [3] [4] who have noted several limitations of the Madras et al. [1] findings that limit their utility. In this paper, we re-visit the Madras et al. in an attempt to address these limitations. Using data from all seven projects in the first cohort of SAMHSA SBIRT grants, we examined response rates and sample selection concerns carefully, used more appropriate statistical methodology and explored potential moderators of the correlation between SBIRT services and substance use outcomes.
The findings from our study provide evidence, albeit imperfect, in support of SAMHSA's SBIRT being associated with changes in patient outcomes consistent with earlier, rigorous SBIRT trials. Significant improvements in substance use outcomes were demonstrated by changes in simple means and model-adjusted means. We conclude that SBIRT was associated with improvement in patient outcomes, but with several caveats. First, no data on comparison groups were available for our analyses. In an effort to address this issue, we calculated standardized effect sizes for different alcohol use measures in our data and compared them to those from the controlled trials summarized by Bien et al. [16] . We found that our estimated changes were similar to the within-group effects of several clinical trials, suggesting that the changes observed among SBIRT services recipients are consistent with the clinical trial literature.
Next, we did not observe the delivery of SBIRT services to the patients in our sample. This is a concern, because some patients might not have actually received services so that the changes we observed might have been due to factors other than SBIRT. A related concern is that because we did not observe the screening score or other screening factors, we do not know the true severity of substance use risk among our sample of patients. More importantly, we note that we were unable to validate the accuracy of self-reported substance use. At baseline, the use of screening instruments with strong psychometric properties provides some confidence that baseline substance use was reported accurately. However, at follow-up, the interview only collected the raw substance use quantities, via a different mode of data collection. Social acceptability bias, a lack of rapport with the interviewer, differential recall bias under the different modes and a desire to complete the interview more quickly, among other factors, could all influence (probably suppressing) the reported use. These challenges again highlight the vital need for comparison groups.
Finally, our samples are not perfectly representative of the entire SAMHSA initiative. Because of disruptions in several projects, there is a group of patients who received services but who are excluded from our analysis because their outcome data were not collected. More problematic is the follow-up response rate that varies by project. Patients who do not respond at follow-up may be systematically different from responders. Such differences may, in turn, be associated with a poor response to SBIRT services and with worse outcomes. However, we note that, after adjusting for project disruptions, one project in particular, number 6, is responsible for the low overall response rate. In analyses not reported here, we re-estimated our outcome models by project and compared the results of project 6 with those of the other six. We found that the estimated pre-post change for project 6 was never an outlier with respect to those of the other six projects. Specifically, for each outcome, the project 6 estimate was always lower than the project with the highest estimate and higher than the project with the lowest estimate.
Despite these important caveats, our findings provide value to ongoing assessment of SAMHSA's SBIRT initiative and to the broader SBIRT research community. Large public health programs such as SBIRT are constrained in their ability to conduct rigorous research by the practicalities of implementation, human subjects protections and resources. Evaluating the effectiveness of evidence-based SBIRT services is a complex and ongoing project that requires further randomized controlled trials. A variety of research must be completed and be maintained over time to conclude that SBIRT is having its potential impact. Two recent RCTs highlight the complexity of the science Table 4 Standardized effects sizes of brief intervention on changes in alcohol measures (Bien et al. [16] All within-group effect sizes are computed as (intake mean -follow-up mean)/weighted pooled standard deviation. All between-group effect sizes are computed as (control follow-up mean -brief intervention follow-up mean)/weighted pooled standard deviation. around SBIRT. Saitz et al. [36] tested the efficacy of a brief negotiated intervention for any illicit drug use or prescription drug misuse versus no BI, and found no effect. Roy-Byrne et al. [37] found no effect of a BI plus telephone booster for drug use. These two studies emphasize the need for deliberate, targeted use of SBIRT public health rather than as a panacea. Other research needs range from fidelity and quality studies of SBIRT to subgroup studies with a comparison group design to time-series assessment of population level outcomes. For such research to accrue, SBIRT would need to continue as a provided service. While we cannot claim that SBIRT caused improvements in patient outcomes, our results support proceeding with its service provision and further more rigorous study.
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